Abstract: Early tumor shrinkage (ETS) and depth of response (DoR) predict favorable outcomes in metastatic colorectal cancer. We aim to evaluate their prognostic role in metastatic pancreatic cancer (PC) patients treated with first-line modified-FOLFIRINOX (FOLFOXIRI) or Gemcitabine + Nab-paclitaxel (GemNab). Hence, 138 patients were tested for ETS, defined as a ≥20% reduction in the sum of target lesions' longest diameters (SLD) after 6-8 weeks from baseline, and DoR, i.e., the maximum percentage shrinkage in the SLD from baseline. Association of ETS and DoR with progression-free survival (PFS) and overall survival (OS) was assessed. ETS was reached in 49 patients (39.5% in the FOLFOXIRI, 29.8% in the GemNab group; p = 0.280). In the overall population, ETS was significantly associated with better PFS (8.0 vs. 4.8 months, p < 0.001) and OS (13.2 vs. 9.7 months, p = 0.001). Median DoR was −27.5% (−29.4% with FOLFOXIRI and −21.4% with GemNab, p = 0.016): DoR was significantly associated with better PFS (9.0 vs. 6.7 months, p < 0.001) and OS (14.3 vs. 11.1 months, p = 0.031). Multivariate analysis confirmed both ETS and DoR are independently associated with PFS and OS. In conclusion, our study added evidence on the role of ETS and DoR in the prediction of outcome of PC patients treated with first-line combination chemotherapy.
Introduction
Pancreatic cancer (PC) is the seventh leading cause of cancer-related death worldwide and is one of the most aggressive tumor types, with almost as many deaths (n = 432,000) as incident cases (n = 459,000) [1] .
Results

Patients Characteristics and Treatment Efficacy
One hundred thirty-eight patients treated at our institution from August 2010 to November 2017 were enrolled. Eighty-one received FOLFOXIRI, while 57 were treated with GemNab. The most relevant characteristics of the study population are summarized in Table 1 .
With a median follow-up of 34.3 months, a median of six cycles of chemotherapy were administered to each patient (range: [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Considering the entire population, median progression-free survival (PFS), post-progression survival (PPS) and OS were 6.2, 5.0 and 10.9 months, respectively. The response rate (RR) was 34% (47 patients, all partial responses), while the disease control rate (DCR) was 71% (98 patients). At the time of analyses, 134 patients (97%) had progressed and 102 (74%) had died. Of 134 patients experiencing disease progression, 98 (73%) received a second-line chemotherapy treatment: of these, 65% were given combination regimens (GemNab, Folfox, Folfiri or Gemcitabine-Capecitabine doublets), while 35% were treated with monotherapies (mainly Gemcitabine). In detail, the more frequently chosen regimens were as follows: GemNab in 26% of cases, Gemcitabine monotherapy in 23%, Folfiri in 23% and Folfox in 9%. Looking separately at the two cohorts of therapy, the FOLFOXIRI group reached a RR and DCR of 36% and 70%, respectively, while in the GemNab group a RR of 35% and a DCR of 72% were observed. As expected, median PFS (6.4 vs. 6.2 months, p = 0.55) and OS (11.5 vs. 10.6 months, p = 0.32) did not differ significantly between FOLFOXIRI and GemNab. With respect to subsequent treatments, 67/81 (83%) patients who progressed after first-line FOLFOXIRI received a second-line one. Of these, the vast majority (76%) was administered a Gemcitabine-based regimen, as expected (GemNab, Gemcitabine alone, Gemcitabine-Capecitabine in 36%, 30% and 10% of cases, respectively). Moving to the GemNab population, 31/53 (58%) non-responding patients of the GemNab cohort received a second line chemotherapy. Most of them were fit for combination regimens: indeed, 39% of patients were administered Folfiri and 29% Folfox.
ETS and DoR
In the entire population, at the first radiological evaluation at 6-8 weeks after treatment initiation the median reduction of the sum of target lesions' diameters (SLD) from baseline was −8.39% and ETS was reached in 49 patients (35.5%) (39.5% in the FOLFOXIRI and 29.8% in the GemNab group, respectively; p = 0.280).
Among 102 evaluable patients, the median value of DoR was −27.52% (−29.4% with FOLFOXIRI and −21.4% with GemNab, p = 0.016); median time to DoR was 3.15 months (interquartile range 2.5-5.7 months). Similar to ETS, 55.2% of the patients in the FOLFOXIRI group and 43.2% in the GemNab one achieved a DoR equal to or superior than the median value (p = 0.230) ( Table 2 ). On the other hand, considering DoR as a continuous variable, patients in the FOLFOXIRI cohort achieved a significantly higher DoR (p = 0.037). Moreover, looking at DoR quartile distribution, 20 out of 58 patients in the FOLFOXIRI group and five out of 44 patients in the GemNab group laid in the quartile with the highest DoR (p = 0.007). Median time to DoR was 3.9 months (interquartile range 2.5-5.8 months) in FOLFOXIRI cohort and 2.9 months (interquartile range 2.4-5.6 months) in GemNab cohort, respectively (p = 0.293). 
Survival Analyses
In the whole population, at univariate analyses greater values of both ETS and DoR were significantly associated with better PFS (both p < 0.05) and OS (both p < 0.05) ( Table 3) . At univariate analysis, the other significant factor with respect to PFS was ECOG performance status (PS) 0 (median PFS 7.3 vs. 5.5 months, p = 0.005), while ECOG PS 0 (median OS 13.9 vs. 9.5 months, p < 0.001) and the absence of liver metastasis (median OS 15.8 vs. 10.1 months, p = 0.039) were significantly correlated to OS (Table 3 ).
ETS: Correlation with Survival
In the overall population, ETS as a continuous variable was significantly associated with PFS (p < 0.001) and OS (p < 0.001). Patients achieving ETS ≥ 20% showed a longer PFS than those achieving a tumour shrinkage < 20% (median 8.0 vs. 4.8 months, p < 0.005) as well as a longer OS (median 13.2 vs. 9.7 months, p = 0.001) ( Figure 1 ).
At univariate analysis, the other significant factor with respect to PFS was ECOG performance status (PS) 0 (median PFS 7.3 vs. 5.5 months, p = 0.005), while ECOG PS 0 (median OS 13.9 vs. 9.5 months, p < 0.001) and the absence of liver metastasis (median OS 15.8 vs. 10.1 months, p = 0.039) were significantly correlated to OS (Table 3 ).
In the overall population, ETS as a continuous variable was significantly associated with PFS (p < 0.001) and OS (p < 0.001). Patients achieving ETS ≥ 20% showed a longer PFS than those achieving a tumour shrinkage < 20% (median 8.0 vs. 4.8 months, p < 0.005) as well as a longer OS (median 13.2 vs. 9.7 months, p = 0.001) (Figure 1 ). Similar results were observed in the FOLFOXIRI cohort: those who had a SLD reduction ≥20% demonstrated an improved OS (median 17.5 vs. 9.6 months, p < 0.001) and PFS (median 9.2 vs. 4.5 months, p < 0.001) ( Table 4) Similar results were observed in the FOLFOXIRI cohort: those who had a SLD reduction ≥20% demonstrated an improved OS (median 17.5 vs. 9.6 months, p < 0.001) and PFS (median 9.2 vs. 4.5 months, p < 0.001) ( Table 4) . On the other hand, in the GemNab cohort the presence of ETS ≥ 20% 
DoR: Correlation with Survival
In the overall assessable population, a highly significant association of DoR, both as a continuous and a discrete variable, with PFS and OS was found (Figure 3 , Table 3 ). In the overall assessable population, a highly significant association of DoR, both as a continuous and a discrete variable, with PFS and OS was found (Figure 3, Table 3 ).
DoR was also correlated with improved PPS (HR 1.003, 95% CI 1.003-1.022, p = 0.007) and patients achieving deeper responses had better outcome in terms of PPS compared to the others (median 12.9 vs. 3.8 months, p = 0.002).
Considering the two treatment cohorts separately DoR was associated with better PFS and OS when evaluated as a continuous (PFS p < 0.001, OS p = 0.001) and a discrete variable (PFS p < 0.001, OS p = 0.005) in patients treated with FOLFOXIRI. In the GemNab group, when evaluated as a continuous variable DoR was associated with better PFS (p = 0.001) but not OS (p = 0.175), while when considered as a discrete variable it did not reach statistical significance (PFS p = 0.093; OS p = 0.818). In the FOLFOXIRI group, patients with deeper responses had longer PFS and OS. In particular, median PFS and median OS were 9.9 months and 22.9 months in patients belonging to the first quartile vs. 7.7 months (p = 0.004) and 11.7 months (p = 0.005), respectively, of the other groups (Figure 4 ). median PFS and median OS were 9.9 months and 22.9 months in patients belonging to the first quartile vs. 7.7 months (p = 0.004) and 11.7 months (p = 0.005), respectively, of the other groups ( Figure  4 ). Among patients treated with GemNab, a deeper response was significantly associated with PFS (median 10.8 vs. 6.7 months, p = 0.031) but the correlation with OS did not formally reach statistical significance (median 19.8 vs. 10.6 months, p = 0.097) (Figure 4 ). All survival data comparisons between the two treatment groups are summarized in Table 4 . Among patients treated with GemNab, a deeper response was significantly associated with PFS (median 10.8 vs. 6.7 months, p = 0.031) but the correlation with OS did not formally reach statistical significance (median 19.8 vs. 10.6 months, p = 0.097) (Figure 4 ). All survival data comparisons between the two treatment groups are summarized in Table 4 .
Multivariate Analysis
Multivariate analysis confirmed the association of ETS (p = 0.033), DoR (p < 0.001) and ECOG PS (p = 0.004) with PFS. Looking at OS, the independent prognostic role of ETS (p = 0.023) and DoR (p < 0.0001) was confirmed in multivariate analysis, together with ECOG PS (p < 0.0001) and liver involvement (p = 0.003) ( Table 5 ). 
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Discussion
The present analysis is one of the first aiming to investigate the role of ETS and DoR in patients with metastatic PC. Patients achieving tumor response to chemotherapy are known to have a better prognosis but data regarding the quality of the response in terms of precocity and depth in advanced PC are lacking as well as head-to-head comparison between the two most common first-line chemotherapy regimens used, such as FOLFIRINOX and GemNab.
According to our results, ETS and DoR significantly correlate with survival outcome in patients with advanced PC treated with combination chemotherapy. The association with both PFS and OS is maintained in the multivariate model together with other well-known clinical prognostic variables, underlining how an early and deep tumor shrinkage may represent an independent prognostic factor not only in terms of progression delay, but also in extending survival. To the best of our knowledge, our report is the first that demonstrates the prognostic value of DoR in PC; moreover, we confirmed previously published data for ETS in a larger patient cohort [14] . The prognostic role of PS and liver involvement that emerged from our analysis had already been identified in ACCORD11/PRODIGE4 and MPACT trial analyses [5, 17] , thus strengthening the value of our results in an independent population treated at a single Institution.
As our aim was to preliminarily evaluate the prognostic role of ETS and DoR in two different parallel cohorts and not to make a comparison between the two regimens in terms of efficacy, no significant difference was noticed in terms of ETS between FOLFOXIRI and GemNab, while results in terms of DoR seem to favor the triplet regimen. The difference between the two regimes in terms of DoR emerges both considering the depth measurements as a continuous variable, as well as looking at patient distribution among the DoR quartiles. Due to the retrospective nature of our work, patients enrolled in the two cohorts may be imbalanced as regarding baseline characteristics and this aspect may have influenced compliance to treatment and activity results. While randomized comparisons are lacking, these data could support the choice of a more intensive regimen such as FOLFIRINOX as a preferable upfront option in those cases where a greater shrinkage is required, such as patients with high tumor burden, symptomatic disease or in the locally advanced setting.
Moving towards the separate evaluation of the two treatment cohorts, we noticed that the prognostic value of ETS was maintained in the FOLFOXIRI cohort while only a trend towards statistical significance was reached in the GemNab cohort. One could argue that this discrepancy could be related to the difference in terms of activity between the two regimens, which could be greater than the difference observed on long-term survival outcomes. Furthermore, the imbalance between the two cohorts in terms of number of patients (the subjects treated with FOLFOXIRI represent 2/3 of the entire population) may have also affected the results. Similar considerations apply to DoR that maintains its prognostic role with FOLFOXIRI for both PFS and OS, while it was significantly correlated only to OS with GemNab.
Some limitations of our study should be acknowledged. It is a retrospective experience conducted in a single center and patients in the two treatment cohorts are not matched by number or by baseline characteristics. However, we observed similar results with FOLFOXIRI and GemNab in our series when compared to those reported in the highly selected populations enrolled in phase III trials and we confirmed the relevance of first-line treatment in determining the survival outcomes in this challenging scenario.
Therefore, validation of our findings in larger, prospective studies is essential in order to definitively validate ETS and DoR as surrogate endpoints in PC. In particular, an ETS ≥ 20% has proved to be a simple, reproducible parameter able to predict outcome in terms of PFS and OS, also showing the advantage of earlier assessment compared to RECIST response in routine practice. Moving from this consideration, it could be interesting to use ETS as a selection or stratification criterion in order to enhance modern strategies in PC treatment, such as sequential treatments with different regimens: nowadays, results achieved with such an approach in unselected populations have been indeed modest or inconclusive [18, 19] . On the other hand, the correlation of DoR with PPS makes it a suitable parameter to anticipate the possibility of administering subsequent lines of treatment in metastatic PC patients.
Materials and Methods
We retrospectively evaluated patients diagnosed with metastatic PC who received first-line combination chemotherapy at our institution between August 2010 and November 2017. All the included patients had a histologically-confirmed diagnosis of pancreatic carcinoma, evidence of distant organ/lymph-nodes involvement or local recurrence not susceptible to loco-regional treatments, good clinical conditions at enrollment (ECOG PS ≤ 1) and underwent a radiological assessment at baseline (performed <28 days from first treatment cycle), after 6-8 weeks since the first drug administration and every eight weeks thereafter until disease progression. Objective responses were evaluated according to RECIST criteria v.1. Two independent investigators evaluated RECIST response, and any controversy was solved by a third independent radiologist with expertise in PC assessment. The independent radiologist was not aware of the regimen received by the patient. ETS and DoR were assessed for each patient as follows: ETS was defined as a reduction ≥20% of the SLD at radiological assessment after 6-8 weeks from treatment start. DoR was defined as the maximum percentage reduction of the SLD, with respect to baseline evaluation, i.e., DoR = [(SLD at best response) − (SLD at baseline) × 100]/(SLD at baseline)%). Patients who presented the onset of new lesions at first radiological assessment were excluded from DoR analyses. ETS was considered both as continuous and binary variable (≥20% vs. <20%), whereas DoR was considered either as continuous, as binary (≥median vs. <median value) and ordinal (with four levels based on quartile distribution) variable. DoR quartiles were defined as follows: I quartile: −81.8% to −44.87%; II quartile: −44.86% to −27.52%; III quartile: −27.51% to −7.34%; IV quartile: −7.33% to +48%.
Clinical, pathological and laboratory data were collected at baseline and throughout treatment duration (see Table 1 ).
Estimations of time-to-event curves were generated by the Kaplan-Meier method. OS was defined as the time from the first day of treatment until the day of death from any cause. PFS was defined as the time from the first day of treatment until the day of disease progression or death from any cause. PPS was defined as the time between the first documented disease progression and death. Patients alive at the time of analyses were censored at the date of their last follow-up visit, whereas those without disease progression were censored at the time of the last radiologic assessment.
Correlation of ETS and DoR with PFS and OS were co-primary endpoints. We used the log-rank test to compare OS and PFS, setting significance at p < 0.05 for a two-sided test. The hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) were calculated by a stratified Cox proportional hazards model. For PFS and OS we initially performed a univariate assessment of the prognostic effect of each explored determinant, then a multivariate analysis was carried out using a stepwise Cox proportional hazards regression modelling and setting statistical significance at p < 0.05. The correlation of ETS and DoR with treatment where performed by chi-square test and Mann-Whitney test. Statistical analyses were carried out using statistical software packages SPSS 20.0 (IBM, Chicago, IL, USA) and Graphpad v8.0 (GraphPad Software, San Diego, CA, USA).
Conclusions
The improvement of therapeutic options for metastatic PC prompted the need for the identification of markers predicting the efficacy of first-line therapy and reliably anticipating patient prognosis, in order to guide clinician's choice toward the most appropriate treatment for the individual subject.
Our results obtained in a large retrospective cohort of metastatic PC patients treated with standard regimens such as modified FOLFIRINOX and GemNab suggest that an earlier and deeper tumor shrinkage is able to predict long-term outcome of PC patients. Further validation of our findings in independent prospective cohorts is warranted before implementing the use of ETS and DoR in clinical trials and in routine patients' management.
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